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(54) MICROBIOLOGICAL METHOD OF TRANSMUTATION OF CHEMICAL ELEMENTS 
ANDCONVERSION OF ISOTOPES OF CHEMICAL ELEMENTS 


(57) Abstract: 

FIELD: biotechnology. 

SUBSTANCE: radioactive raw materials containing 
radioactive chemical elements or their isotopes, are 
treated with an aqueous suspension of bacteria of 
Thiobacillus in the presence of elements with variable 
valence. The radioactive raw materials are used as ores 
or radioactive wastes of nuclear cycles. The method is 
implemented to obtain polonium, radon, francium, 
radium, actinium, thorium, protactinium, uranium, 


neptunium, americium, nickel, manganese, bromine, 
hafnium, ytterbium, mercury, gold, platinum, and their 
isotopes. 

EFFECT: invention enables to obtain valuable 
radioactive elements, to carry out the inactivation of 
nuclear wastes with the conversion of radioactive 
isotopes of the waste elements into stable isotopes. 
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The invention relates to transmutation of chemical elements and transformation of radioactive 
isotopes, i.e., to artificial obtaining of certain chemical elements from other chemical elements. In 
particular, the method allows obtaining rare and valuable elements: polonium, radon, francium, 
radium, and actinides - actinium, thorium, protactinium, uranium, neptunium, and various isotopes 
of these and other elements. 

Rare chemical elements, their isotopes and by-products have been until now difficult and unsafe to 
obtain using the traditional methods by means of traditional nuclear reactions in small (sometimes 
microscopic) amounts, which are clearly insufficient for satisfying the humankind's need for energy 
in technology, industry, and science. The described microbiological method of chemical elements 
transmutation allows obtaining rare chemical elements and their isotopes in virtually unlimited 
quantities; it is simple, safe for personnel and the population, environmentally safe, and does not 
require large amounts of materials, water, heat, and electricity. 

A microbiological method of chemical elements' transmutation and transformation of chemical 
elements' isotopes is proposed, which is characterized by the fact that radioactive materials 
containing radioactive chemical elements or their isotopes, are treated with an aqueous suspension 
of genus Thiobacillus bacteria, in the presence of any s, p, d, f-elements with variable valence. The 
variable valency elements are selected based on the principle of creating a high redox potential. 

That is, the key factor of such selection, or just focusing on certain variable valency elements 
introduced into the reaction environment is the redox potential, the value of which is optimal in the 
range between 400 and 800 mV (e.g., in examples 1, 2, 3, 4 Eh=635 mV, 798 mV, 753 mV, and 
717 mV, respectively). 

Variable valency elements, both in reduced and oxidized forms, creating a standard redox potential, 
participate in starting and controlling mechanisms of initiation and acceleration of alpha, beta-minus 
and beta-plus decays of radioactive isotopes of the elements in any group by the genus Thiobacillus 
bacteria. 

The method leads to obtaining polonium, radon, francium, radium, actinium, thorium, protactinium, 
uranium, neptunium, americium and isotopes thereof, as well as nickel, manganese, bromine, 
hafnium, ytterbium, mercury, gold, platinum and isotopes thereof. Wastes of uranium or thorium 
ores and radioactive wastes from nuclear cycles containing radioactive chemical elements may be 
used as radioactive raw material. 

The claimed method has been used to obtain the following elements from raw materials containing 
natural uranium-238 and thorium-232: 

1. Protactinium, actinium, radium, polonium, and various isotopes of these elements (Tables 1, 2, 3, 
4; Schemes 1, 2, 3, 4, 5, 6, 7; Figures 1 through 17). 

2. Francium (Figures 4, 5, 6, 7, 9, 14). 

3. Ytterbium, hafnium, gallium, nickel (Table 1; Figures 2, 3, 4, 5, 6, 7), gold (Table 1; Figures 6, 

7), mercury (Tables 1, 2; Schemes 9, 10; Figures 4, 5, 11), platinum (Table 1; Scheme 9, 10; 

Figures 4, 5, 6, 7). 

4. Iron content in the environment decreases, nickel appears (the source ore did not contain nickel), 
whereby nickel content increases over time (Table 1), as iron accepts alpha-particles carried by 
bacteria from the alpha-radioactive elements, and turns into nickel. Separation of a proton from the 
nucleus of iron results in increasing the concentration of manganese in the medium (iron transforms 
into manganese), and, consequently, to reducing iron content (Table 1). 



5. Out of polonium, which is the product of actinide elements decay in the microbiological process 
of elements transmutation, various isotopes of thallium, mercury, gold, platinum have been 
obtained, including the stable ones (Tables 1, 2; Schemes 10, 11; Tables 1, 2; Figures 1, 2, 3, 4, 5, 6, 
7,11). 

6. RARE isotopes have been obtained from plutonium-239: uranium-235, thorium-231, 
protactinium-231, actinium-227 (Scheme 12). 

7. Out of plutonium-241, which is a byproduct of burning uranium in a reactor, rare in the nature 
and in the industry, and scarce isotopes of neptunium and americium have been obtained: 241 Am 
and 237Np (Scheme 13). 

Thus, the described microbiological method solves the problem of providing rare and rare scarce 
materials to various areas of industry, science and technology. 

Using this method, the authors managed to obtain the following elements: polonium, radon, 
francium, radium, and actinides - actinium, thorium, protactinium, uranium, neptunium, plutonium, 
americium, and various isotopes thereof, and various isotopes of thorium and uranium - thorium- 
227, thorium-228, thorium-230, thorium-234; uranium-231, uranium-232, uranium-233, uranium- 
234, uranium-235, uranium-236, uranium-239, as well as manganese, nickel, gallium, bromine, 
hafnium, ytterbium, thallium, mercury, gold, platinum (see Schemes 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, and Tables 1, 2, 3, 4). 

The claimed method of chemical elements transmutation allows obtaining all the chemical elements 
listed above, and their isotopes in virtually unlimited quantities. 

The described method of elements transmutation also allows inactivating and neutralizing nuclear 
wastes, for example, wastes of nuclear fuel (uranium) combustion from nuclear power plants that 
contain uranium, plutonium, their isotopes and products of fission and decay (products of isotope 
transitions): isotopes of uranium and plutonium (see scheme 13), radium and polonium; radioactive 
isotopes of strontium, iodine, cesium, radon, xenon, and other products of alpha and beta decay, and 
spontaneous fission of uranium and plutonium. 

The claimed method uses bacteria of the Thiobacillus genus (for example, the Thiobacillus 
aquaesulis or Thiobacillus ferrooxidans species) that in the presence of elements of variable valency 
initiate and accelerate natural processes of radioactive decay and isotopic transitions of radioactive 
elements. With that, the duration of natural nuclear reactions and isotopic transitions decreases 
thousands, millions and billions of times, depending on the natural half-life of the source isotopes of 
certain chemical elements. 

Any raw materials that contain radioactive elements may be used as the source. 

The raw materials that contain any of the above radioactive elements are treated with an aqueous 
solution of the Thiobacillus genus bacteria, for example, species Thiobacillus aquaesullis or 
Thiobacillus ferrooxidans, or their mixture in any proportion, or by any kind of sulfur oxidizing 
bacteria in the presence of variable valency elements, in normal conditions of microorganisms 
activity. 

The method does not require expensive nuclear reactors that are hazardous to people and the 
environment, is performed in ordinary conditions, in ordinary containers, at normal ambient 
temperature (acceptable values are between 4 and 60 degrees centigrade), at normal atmospheric 
pressure, and does not require flow of fresh water. 


Mechanisms 


In our method, microorganisms initiate and accelerate alpha-decay (-a), beta minus and beta 
plus (+P) decay (electron capture). The microorganisms capture protons, alpha particles (two 
protons and two neutrons), and electrons (beta minus decay) in the nuclei of heavy elements 
(mainly, any f-elements and heavy s-elements), thus transferring captured protons, alpha particles 
and electrons to other elements, mainly, d - and p-elements, e.g., arsenic and iron. Also, 
microorganisms can transfer protons, alpha particles, electrons, and positrons to other elements, 
e.g., to f-element ytterbium if it is present in the environment. Bacterial capture and separation of 
protons, alpha particles and electrons occurs in the radioactive elements of f-group and s-group 
(according to the classification of the Periodic Table of Elements). Bacteria also initiate and 
accelerate beta-plus (+P) decay (electron capture) in the nuclei of beta-plus radioactive isotopes of 
elements in any group, transferring into the nuclei of these elements the electron obtained in the 
process of beta minus (P) decay of other isotopes, subjected to the beta-minus decay, or captured 
from the variable valency elements (non-radioactive) present in the medium, in the process of 
bacterial oxidation. 

Protons (P), alpha particles (a) and electrons (e-) are transferred by bacteria to the elements of d- 
group (e.g., iron, etc.), the elements of p-group (e.g., arsenic, etc.) and to the elements of s-group 
(strontium, cesium, radium, etc.). 

Bacterial capture and separation of protons, alpha particles and electrons occurs in alpha - and beta- 
radioactive isotopes of the elements of f-group, s-group and p-group, which are naturally alpha- or 
beta- radioactive themselves; the bacteria initiate, and increase the speed of alpha and beta decay 
processes millions and billions times. 

Bio-alpha decay (-a) 

In the process of alpha decay, when the nuclei lose two protons, the elements of f- and s-groups are 
transformed into lighter elements (going two cells forward in the table of the Periodic System of 
Elements). 

After capturing and detaching protons and alpha particles from f- and s-elements, bacteria transfer 
these protons and alpha particles to various elements of d-, p - and s-groups, transforming them into 
other elements, next in the periodic system of chemical elements (moving one or two cells forward 
in the table of the periodic system of elements). 

In case of bacterial transfer of alpha-particles from the f-elements to iron, iron is transformed into 
nickel (see Table 1); in case of bacterial transfer of protons and alpha particles from the f-elements 
to arsenic, arsenic is transformed into bromine (see Table 1); in case of bacterial transfer of protons 
and alpha particles from f-elements to ytterbium, ytterbium is transformed into hafnium (see Table 
1 ). 

Bio-beta decay (-P, +|3) 

Bacteria initiate and accelerate both types of beta decay: beta-minus decay and beta plus decay. 

Beta minus decay (-(1) is emission of an electron by the nucleus, which results in transforming the 
neutron into a proton and transformation of the element into the next element in the periodic system 
of chemical elements (moving one cell forward in the table of the periodic system of elements). 

Beta plus decay (+(1) is capturing of an electron by the nucleus, which results in transforming the 
proton into a neutron and transforming the element into the previous element in the periodic system 
of chemical elements (moving one cell backward in the table of the periodic system of elements). 

In the process beta-decay initiated and accelerated by bacteria, sometimes, subsequent emission of 
the so-called “delayed” neutron occurs - spontaneously, naturally, according to the physical laws of 
the isotope decays and transfers, resulting in a lighter isotope of this element. The use of the delayed 


neutron emission mechanism allows extending further the list of thus obtained elements and 
isotopes, and predicting and regulating the process of bio-transmutation (stopping it at the required 
moment). 

Bacteria initiate and accelerate beta decay, i.e., emitting beta-radioactive chemical elements by the 
nucleus, or capturing an electron by the nucleus. Bacteria initiate and accelerate the beta decay in 
isotopes of elements that are both initially contained in the raw material, in the medium, and 
isotopes of elements artificially obtained in the biological process after alpha-decay initiated by 
bacteria. The last fact: beta decay occurring after bacterial-induced alpha decay is of great practical 
significance for obtaining valuable energy-critical elements and isotopes. 

Bacteria also capture and break away electrons from lighter nuclei, compared to f-elements, namely, 
from beta-minus radioactive isotopes that are the products ("fragments") of uranium and plutonium 
fission, e.g., nuclei of strontium-90, yttrium-90, iodine-129, iodine-130, cesium-133, cesium-137 
and some other elements, which transform into stable elements in the process of beta decay. In the 
core of a chemical element, the neutron is transformed into a proton, and the elements shifts one or 
two cells (depending on the source isotope) forward in the table of the periodic system of elements. 
This process makes it possible to drastically and cleanly dispose of highly radioactive waste in 
nuclear industry and nuclear power plants, i.e., the products of burning nuclear fuel that contain 
radioactive elements - "fragments" of fission of uranium, plutonium and other transuranium 
elements - actinides, and the products thorium fission, if it is used in a thorium nuclear cycle. 

The electron captured by bacteria in beta-minus decay is transferred by bacteria to the nuclei of 
beta-plus radioactive isotopes of elements (if they are present in the environment). Redox reactions 
also occur in the process. For example, in course of bacterial electron transfer to iron (III), it 
transforms into iron (II), in course of electrons bacterial transfer to arsenic (V), it transforms into 
arsenic (III). The surface charge of bacterial cells is caused by dissociation of ionogenic groups in 
the cell wall, which consists of proteins, phospholipids and lipopolysaccharides. With physiological 
pH of microbial cells, bacteria on their surface carry excessive negative charge, which is formed 
due to dissociation of ionogenic, predominantly acidic, groups of cell surface. Negatively charged 
surface of the microbial cells attracts from the environment oppositely charged ions, which, under 
the influence of electrostatic forces, tend to approach the ionized groups in the cell membrane. As a 
result, the cell becomes surrounded by double electric layer (the adsorption layer and the diffusion 
layer). The charge of the cell fluctuates, depending on the processes in the environment. Upon the 
action exposed to alpha particles, negative charge of the cells decreases (by its absolute value), and 
becomes a positive charge, which accelerates the beta-decay processes. Next, under the action of the 
electrons emitted from radioactive elements during beta decay, as well as the electrons coming from 
the variable valency elements in restored form into the adsorption layer of microorganisms, the 
negative charge of the microorganisms increases (by its absolute value), changes from positive to 
negative, which accelerates alpha decay, and distracts positively-charged protons and alpha particles 
from the atoms of chemical elements. These accelerating processes occur due to electrical 
interaction of the negatively and positively charged groups of cell surface with alpha - and beta- 
particles of the radioactive elements, respectively. In the logarithmic stage of microorganisms 
growth, the negative charge of the cells reaches the maximum value, which leads to the maximum 
speed of elements transformation. The chemical elements transformation processes may occur both 
within bacterial cells, and on the surface of cell walls in the adsorption layer of the electric double 
layer. 

Thus, microbial cells, changing their charging characteristics in a labile manner, are the regulating 
and accelerating system for several types of radioactive decay and transformation of some elements 
into others. 

In order to accelerate the process of chemical elements transmutation by microorganisms, when the 
charge of microorganisms was close to isoelectric point in the reaction solution, surface-active 
substances (surfactants) were used. Polyampholytes, ionogenic surfactants, both anionic and 
cationic surfactant, introduced into the reaction medium, by modifying the charge of the cells 


(shifting the charge from the isoelectric point in the positive or negative direction), contribute to 
bacterial initiation and intensification of the chemical elements transmutation processes (Example 

9). 

The microbiological method of chemical elements transmutation makes it possible to obtain rare 
and valuable isotopes of uranium - uranium-232, uranium-233, uranium-234, uranium-235, 
uranium-236, and other valuable chemical elements and their isotopes: neptunium-236 and 
neptunium-237 and neptunium-238, plutonium-236, plutonium-238, americium-241, protactinium- 
231, protactinium-234, thorium-227, thorium-228, thorium-230, actinium-227, radium-226, radium- 
228, radon-222, polonium-209, polonium-210 from natural uranium (uranium-238) in almost 
unlimited quantities. Industrial, technical and energy value, as well as the market value of the 
obtained elements is much higher than that of the source element, uranium-238. 

The microbiological method of chemical elements transmutation allows obtaining virtually 
unlimited quantities of neptunium-236, neptunium-237, neptunium-238, plutonium-236, plutonium- 
238, americium-241 and other isotopes of neptunium, plutonium and americium. 

Generally accepted short designation the following diagrams and tables: 

Uranium-238, 238U: here 238 is the relative atomic mass, i.e., the total number of protons and 
neutrons. 

P is proton. 

N or n is neutron. 

a is the alpha particle, i.e., two protons and two neutrons. 

(-a) is the alpha particle emitted from an atom (from the element) in our reactions, in this case, the 
sequence number (the charge of the nucleus) decreases by two units, and the element transforms 
into a lighter element, shifted two cells in the periodic table of elements (shifts two cells back). In 
this case, the relative atomic mass decreases by four units. 

Beta decay is the transformation where the sequence number of the element (nucleus charge) 
changes by one, and the relative atomic mass (total number of protons and neutrons) remains 
constant. 

(+P) is emission of a positively charged positron particle, or capture of a negatively charged 
electron by the nucleus: in both cases, the sequence number (the nucleus charge) of the element 
decreases by one. 

The phenomena of emission, the so-called "delayed neutron" (usually one or two) are observed after 
beta decay. With that, the new chemical element formed by beta decay, after emitting delayed 
neutrons (neutron) retains its new location and the cell in the table of periodic system of elements, 
since it retains the charge of the nucleus (the number of protons) but loses its atomic mass, forming 
new, lighter isotopes. 

(-n) - "delayed neutron" is the neutron emitted from the atom after beta decay, with that, the atomic 
mass of the new element is decreased by one. 

(-2n) - two "delayed neutrons" is the neutron emitted from the atom after beta decay, with that, the 
atomic mass of the new element is decreased by one. 

(a) - a "delayed" alpha particle (the type of isotope decay), emitted from the atom (of the element) 
after beta decay. In this case, the sequence number (the nucleus charge) is decreased by two units, 
and the relative atomic mass of the element decreases by 4 units. 


Another transmutation of the chemical element occurs (shifting two cells back in the table of the 
periodic system of chemical elements). 

Tl/2 or T is the half-life of the element isotope. 

The authors have performed a series of successful reproducible experiments with various ores and 
raw materials. Raw materials containing radioactive elements were treated with an aqueous solution 
of bacteria of the Thiobacillus genus, in the presence of variable valency elements, and any s, p, d 
and f elements constituting a standard redox potential (e.g., Sr2+, nitrogen N5+/N3-, sulfur S6+/S2 
- arsenic As5+/As3+, iron Fe3+/Fe2+, manganese Mn4+/Mn2+, molybdenum Mo6+/Mo2+, cobalt 
Co3+/Co2+, vanadium V5+/V4+, etc.). We used various bacteria of genus Thiobacillus, iron 
oxidizing and sulfur oxidizing bacteria (thermophilic and other) involved in the redox processes of 
metals, a positive effect has always been achieved. The authors have performed 2536 experiments. 
The obtained experimental data have been statistically processed (see tables 1, 2, 3, 4) and shown in 
schemes of the microbiological method of obtaining various valuable isotopes of uranium, 
protective, thorium, actinium, radium, polonium and other elements from uranium-238 (238U) and 
thorium-232 (see Figures 1 to 17, Schemes 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13). The schemes of 
reactions and isotopic transitions do not contradict to, but confirm the existing theory of radioactive 
decays. 

Example 1. 

For chemical elements transmutation and obtaining new elements and isotopes, sulphide ore from 
Saudi Arabia, containing uranium and thorium were used as the raw material for microbiological 
processing (Table 1, Figures 1, 2, 3, 4, 5, 6, 7). The ore from Saudi Arabia also contained 
phosphorus, arsenic, vanadium mainly in the oxidized form (phosphates, arsenates, vanadates), and 
iron - in both oxidized and reduced state. Therefore, for creating a high redox potential in the 
fermenter, the raw materials were processed with Thiobacillus acidophilus microorganisms of the 
DSM-700 strain in an aqueous solution of elements with variable valency in a solution in reduced 
state: Mn+4, Co+2, Fe+2, N-3, S-2 (in the form of salts), their total mass being 0.01% of the 
medium weight. 

In growing the Thiobacillus acidophilus microorganisms of strain DSM-700, standard nutrient 
mediums were used (e.g. mediums of Leten and Waxman for Thiobacillus ferrooxidans, medium 
9K and mediums for other iron and sulfur - oxidizing bacteria). To the standard nutrient mediums, 
variable valence elements - trans-element were added (the elements transferring electrons, e.g., Mg, 
Mn, Co, Mo, Fe, Zn and Cu in form of salts) their total mass being 0.01% of the weight of the 
medium, as well as the products of organic material hydrolysis, for example, hydrolysis of wastes 
from fish, meat, or wood processing (2% of the mass, depending on the environment) and raw 
materials (uranium- or thorium-containing ores or radioactive wastes in the amount of 1.5% wt, 
depending on the environment). 10% solution of culture medium with optional autotrophic 
microorganisms in the exponential stage of growth was introduced into the fermentation medium 
that contained 10% raw materials (ores). 

The process of transmutation was performed in ten fermentation shake flasks. pH of the solution 
was regulated with a 10-normal sulfuric acid, during the process the pH of the solution was 
maintained in the range between 0.8 and 1.0. The temperature of the process was 28-32 degrees 
centigrade. The redox potential (Eh) in the solution in the logarithmic stage of transmutation 
process was 635 mV. The mixing speed was 300 rpm. The ratio of solid to liquid phase was 1:10 
(100 g of ore per 1 liter of the aqueous solution). Every 24 hours, the pH and Eh of the solution 
were measured, as well as concentration of the chemical elements and isotopes in the solution, and 
activity of the microorganisms was monitored. The process continued for nine days. The methods of 
analyzing water solutions and ore were used: for detecting presence of elements, x-ray fluorescence 
method was used, the type of instruments: CYP-02 "Renome FV"; S2 PICOFOX. Also, the atomic- 
absorption method was used. The isotopic composition was determined using the mass- 



spectroscopic method. The charge characteristics of microbiological cells were determined by the 
electrophoretic mobility at the Parmoquant-2 automatic microscope. According to the data from the 
devices, the qualitative and quantitative composition of end products was determined. The results of 
the performed and statistically processed experiments, depending on the duration of the process are 
shown in Table 1. Fig. 1 shows the spectrogram of the original ore from the Saudi Arabia without 
microbiological treatment and without transformation of chemical elements. Figures 2, 3, 4, 5, 6, 7 
show spectrograms of the analyses of the chemical elements transmutation during microbiological 
processing of the ore from Saudi Arabia. Depending on the duration of the process: 48 hours (2 
days), 72 hours (3 days), 120 hours (5 days), 120 hours (5 days), 168 hours (7 days), 192 hours (8 
days), respectively. 


Table 1. Results of transmutation of chemical elements and transformation of isotopes under microbiological treatment of 

Arabian Peninsula sulphide ore containing 238U and 232Th. 


Element 

s 

Half-life period 

T 1/2 

Content of 

elements in 

100 g of ore, 

mg 

Content of mg of elements in 1 litre of solution per 100 g of ore, 

mg of element/100 g of ore in 1 1 of solution. 

(Arabian Peninsula ore, mass fraction 238 U=620g/tone, 232 Th=40g/tone) 

Days 

1 

2 

3 

4 

5 

6 

7 

8 

9 

238U 

4,5x10 9 years 

62,0 

62,0 

43,6 

17,2 

4,2 

0 

0 

0 

0 

0 

234 Th 

24,1 days 

0 

0 

11,01 

12,61 

8,57 

6,23 

4,01 

2,98 

1,27 

0 

234 Pa 

6,66 hours 

0 

0 

3,08 

1,87 

1,69 

1,38 

1,02 

0,71 

0,23 

0 

233 Pa 

27 days 

0 

0 

0 

3,23 

3,62 

3,72 

3,54 

2,97 

1,38 

0 

232 Pa 

1,31 days 

0 

0 

0 

5,46 

6,63 

2,14 

0,53 

0,28 

0,12 

0 

231 Pa 

3,43 x 10 4 years 

0 

0 

0 

0 

5,73 

6,85 

6,90 

7,09 

8,21 

8,24 

234 U 

2 xIO 16 years 

0 

0 

0 

9,14 

8,45 

8,26 

6,96 

6,77 

3,20 

1,00 

233 U 

1,62 x 10 5 years 

0 

0 

0 

7,64 

7,93 

7,73 

7,51 

6,29 

5,97 

2,68 

232 y 

8 x 10 13 years, 
74 years 

0 

0 

0 

0 

6,14 

7,31 

6,65 

4,03 

1,27 

0 

232 Th 

1,39 xIO 10 years 

4,00 

4,00 

0 

0 

0 

0 

0 

0 

0 

0 

228 Ra 

6,7 years 

0 

0 

2,80 

2,56 

0 

0 

0 

0 

0 

0 

227 Ac 

21,6 years 

0 

0 

5,15 

5,37 

8,91 

12,02 

15,11 

15,2 

20,7 

22,87 

230 Th 

8 x 10 4 years 

0 

0 

0 

0 

1,74 

2,53 

2,01 

1,78 

0,83 

0 

226 Ra 

1617 years 

0 

0 

0 

0 

0 

1,71 

1,93 

1,09 

0,54 

0 

210 Po 

138,4 dys 

0 

0 

0 

0 

0,20 

1,01 

2,25 

6,25 

9,23 

9,56 

2 09 Po 

103 years 

0 

0 

0 

0 

0 

0,61 

1,32 

2,74 

3,17 

7,27 

208 Po 

2,93 years 

0 

0 

0 

0 

0 

0,20 

1,08 

2,73 

3,19 

7,42 

56p e 

Stable 

201,9 

201,8 

201,7 

201,48 

201,23 

201,01 

200,59 

200,5 

200,2 

199,6 

60 Ni 

Stable 

0 

0 

0,1 

0,21 

0,34 

0,46 

0,68 

0,75 

0,88 

1,20 

55 Mn 

Stable 

143 

143 

143,1 

143,19 

143,31 

143,42 

143,63 

143,7 

143,8 

144,1 

75 As 

Stable 

270 

270 

269,8 

269,48 

269,16 

268,86 

268,30 

268,1 

267,8 

267,0 

79 Br 

Stable 

0 

0 

0,11 

0,28 

0,45 

0,61 

0,91 

1,00 

1,17 

1,60 

71 Ga 

Stable 

0 

0 

0,09 

0,25 

0,40 

0,54 

0,80 

0,89 

1,04 

1,42 

173 Yb 

Stable 

0,02 

0,02 

0,01 

0,005 

0 

0 

0 

0 

0 

0 

177 Hf 

Stable 

0 

0 

0,01 

0,015 

0,021 

0,021 

0,021 

0,021 

0,021 

0,021 

Hg 


0 

0 

0 

0 

0,26 

0,39 

0,85 

0 

0 

0 

Pt 


0 

0 

0 

0 

0 

1,01 

1,65 

1,94 

3,07 

2,52 

Au 


0 

0 

0 

0 

0 

0 

0 

0,18 

0,23 

0,29 


Scheme 1 . Obtaining of various valuable isotopes of Uranium, Protactinium, Thorium, 
Actinium, Radium, Polonium from Uranium-238 ( 238 U) with microbiological method: 

rionyHeHne MMKpo6nojiornHecKMM cnoco6oM m ypaHa-238 ( 238 U) pa3nMHHbix peHHbix n30TonoB ypaHa, 
npoTaKTMHun, Topna, aKTMHnn, paflnn, nonoHnn: 

238 U(-a)— » 234 Th(-P)— » 234 Pa(-n)—»’ 233 Pa(-p)—» 233 U(-2n)—* 231 U(+P)—> 231 Pa(-a)—>’ 227 Ac(-p)—» 

—> 227 Th(-n)—+ 226 Th(-a)—* 222 Ra(-a)—» 218 Rn(-a)— > 2l4 Po(-a)—> 2l0 Pb(-p)— ^ 2 l 0 Bi(-p)— > 210 Po 
210 Po(-n)—» 209 Po 
210 Po(-2n) —» 208 Po 




Scheme 2. Obtaining of Protoactinium-231 from Uranium-238 ( 238 U) by various ways with 
microbiological method: 

nojiyneHne npoTaKTMHMfl-231 ( 231 Pa) MUKpoSnonomHecKUM cnoco6oM M3 ypaHa-238 ( 238 U) pa3JiMHHbiMM 
nyT^Mn: 

2-1. 238 U(-ct)—♦ 234 Th(-[3)—» 234 Pa(-n)-> 233 Pa(-p)-+ 233 U(-2n)-^ 231 U(+P)-> 231 Pa 
2-2. 238 U(-a)—► 234 I h(-P)—> 234 Pa(-2n)—» 232 Pa(-p)^ 232 U(-n)^ 23] U(+p)— 23 'Pa 

Scheme 4. Obtaining of Thorium-230 ( 230 Th) from Uranium-238 ( 238 U) with microbiological 
method: 

nonyHeHne topmh-230 ( 230 Th) MMKpo6MonorMHecKMM cnoco6oM M3 ypaHa-238 

( 238 U): 

4-1. 23 *U(-a)—► 234 Th(-P)—> 234 Pa(-P)—> 234 U(-a)-> 230 Th 

Then, the process either stops (and 230 Th separating), if Thorium-230 is the final target of 
the process. Or the process continues in order to obtain valuable and rare radioactive 
isotopes of Radium ( 226 Ra), Radon, Astatine, Polonium, Bismuth, and Plumbum: 

flanee, npopecc hum ociaHaBJiMBaeTca (m BbiflenaeTca 230 Th), ecnM topmm-230 HBnaeTca KOHenHOM penbio 
npopecca. Hum npopecc npoflon>KaeTCH ao nonyneHMa peHHbix m peAKMX paAMoaKTMBHbix M30TonoB paAMH 
( 226 Ra), paflOHa, acTaia, nonoHMH, BMCMyTa, CBMHqa: 

4- 2. 230 Th(-a)—> 226 Ra(-a)—+ 222 Rn(-a)—^ 2l8 Po(-p)—> 218 At(-p)—»' 218 Rn(-a)—+ 214 Po(-a)—> 210 Pb(-p)—>■ 

—+ 2l0 Bi(-P)—» 210 Po 

210 Po(-n)—> 209 Po 
210 Po(-2n)—> 208 Po 

Scheme 5. Obtaining of Actinium-227 ( 227 Ac), by various ways from Uranium-238 
( 238 U) with microbiological method: 

nonyneHMe aKTMHMH-227 ( 227 Ac) MMKpo6MOHorMHecKMM cnoco6oM m 3 ypaHa-238 ( 238 U) pa3HMHHbiMM nyTHMM. 

5- 1. 238 U(-a)-^ 234 Thf-P)^ 234 Pa(-n)—+ 233 Pa(-P)—> 233 U(-2n)—> 231 U(+P)-^ 231 Pa(-a)— » 227 Ac 

5- 2. 238 U(-a)^ 234 Th(-p)^ 234 Pa(-2n)^ 232 Pa(-p)-^ 232 U(-n)-> 231 U(+p)-^ 231 Pa(-a)^ 227 Ac 

Scheme 6. Obtaining of Radium-226 ( 226 Ra) and Radium-228 ( 228 Ra) with 
microbiological method from Uranium-238 ( 238 U) (see 6-1) and Thorium-232 ( 232 Th) (see 

6-2) respectively: 

nojiyneHMe paAMH-226 ( 226 Ra) m paAMH-228 ( 228 Ra) MMKpo6MonorMHecKMM cnoco6oM m ypaHa-238 ( 238 U) (cm. 
6-1) m M3 npMpoflHoro topmh-232 ( 232 Th) (cm. 6-2) cooTBeTCTBeHHo: 

6- 1. 238 U(-a)^ 234 Th(-p)—► 234 Pa(-p)—> 234 U(-u)-> 230 Th(-a)^ 226 Ra 
6-2 . 232 Th(-a)^ 228 Ra 



Scheme 7. Obtaining of the most valuable and stable isotopes of Polonium ( 210 Po, 
209 Po, 208 Po) with microbiological method from Uranium-238 ( 238 U). 

nojiyneHne Han6onee peHHbix m CTa6nnbHbix M30TonoB noaoHna ( 210 Po, 209 Po, 

208 Po) MMKpo6nojiorMHecKMM cnoco6oM M3 ypaHa-238 ( 238 U). 

7-1. 238 U(-a)—> 234 Th(~P)—♦ 234 Pa(-n)—» 233 Pa(-P)—^ 233 U(-2n)^ 231 U(+p)^ 23 ’Pa(-a)—» 

—» 227 Ac(-p)—+ 227 Th(-n)—> 226 Th(-a)—» 222 Ra(-a)-+ 218 Rn(-a)—>- 214 Po(-a)-^- 21 °Pb(-p)-» 

— 2l0 Bi(-P)-» 2l0 Po 
210 Po(-n)-^ 209 Po 
2l0 Po(-2n)—> 208 Po 

7-2. 238 U(-a)^ 234 Th(-p)—> 234 Pa(-2n)—* 232 Pa(-p)—> 232 U(-n)—» 23l U(+P)—* 23, Pa(-a)—> 227 Ac—» 

jajiee nyTb npeBpameHHH aneMeHTOB h iootoiiob no 210 Po, 209 Po, 208 Po JueHTnaeH cxeMe 7-1. 
7-3. 238 U(-a)—» 234 Th(-P)—» 234 Pa(-P)—> 234 U(-n)—♦ 233 U(-a)-^ 229 Th(-a)—» 225 Ra(-P)—♦ 
^ 225 Ac(-n)-> 224 Ac(+p)-^ 224 Ra(-a)-^ 220 Rn(-a)-> 216 Po(-a)~» 212 Pb(-P)^ 2l2 Bi(-n)^ 211 Bi(-P)^ 
— 2,1 Po(-n)— 2,0 Po 
2,, Po(-2n)—> 209 Po 

Scheme 7. Obtaining of various Isotopes of Thorium, Actinium, Radium, 

Polonium, with microbiological method from natural Thorium-232 ( 232 Th): 

nonyneHMe pa3JiMHHbix M30ionoB topmh, aKTMHMa, paflMa, nonoHMa MMKpo6MOJiomHecKMM 
cnoco6oM M3 npMpoflHoro TopMa-232 ( 232 Th): 

232 Th(-a)—*- 228 Ra(-p)—> 228 Ac(-n)—» 227 Ac(-p)—*- 227 Th(-n)—» 226 Th(-a)—» 222 Ra(-a)—» 218 Rn(-a)—♦ 
- 2,4 Po (-a)-^ 210 Pb (-p)— 210 Bi (-p)-» 210 Po 
2l0 Po(-n)-+ 209 Po 
210 Po(-2n) -+ 208 Po 



Example 2. 


The method of the process is the same as in Example 1. The initial raw material for 
transmutation of chemical elements and obtaining new isotopes is uranium ore from 
North-west Africa, containing uranium, thorium, arsenic and sulfur in reduced form 
(metal sulfides, arsenide, sulphoarsenides). Therefore, to create a high redox potential 
feedstock treated with microorganisms Thiobacillus aquaesulis strain DSM-4255 in the 
aqueous solution with the variable valence elements, in solution in the oxidized form: N 
+ 5, 5 + P (in the form of phosphates), As + 5, S + 6 Fe + 3, Mn + 7, their total weight 
0.01% by weight of the medium. Redox (Eh) in the solution process of transmutation in 
the logarithmic stage is 798 mV. The temperature of the process 30-35 degrees Celsius, 
environment pH 2-2.5. 

The time of the twenty-day process. The results of the statistically treated experiments 
depending on the time of the process are given in Table 2. The spectrograms analysis 
of chemical elements in transmutation microbial processing of uranium ore North-West 
Africa as a function of time for the process, after 24 hours (1 day) after 144 hours (6 
days) across 

5168 hours (7 days) after 192 hours (8 days), after 480 hours (20 days) are shown in 
Figures 8,9,10,11, respectively. 


Table 2. Results of transmutation of chemical elements and transformation of isotopes under microbiological 
treatment of Northwest Africa ore containing. 


3jieMeHTti 

riepHoa 

nojiypacnajia 

T,/2 

CoaepjKaHHe 

3JieNieHT0B 

b 100 r pyow, Mr 

KojiHHecTBO Mr 3jieMeHTOB b 1 jiHTpe pacTBopa Ha 100 r pyitbi, 

Mr 3JieMeHTa/l 00 r pynu b 1 ji pacTBopa. 

(Pyaa Cesepo-3anaAHOH A$piiKii, MaccoBaa aoJiH ypaiia “'ll = 2,8icr/T) 

Day 

1 

2 

3 

4 

5 

6 

7 


9 

238 u 

4,5x10 9 JleT 

280,0 

280,0 

250,7 

190,12 

140,05 

102,3 

65,88 

34,52 

26,62 

21,57 

234 Th 

24,1 cyroK 

0 

0 

23,20 

22,09 

20,99 

19,77 

18,01 

14,91 

10,84 

8,43 

234 Pa 

6,66 Mac 

0 

0 

5,60 

10,62 

10,05 

7,87 

6,99 

6,02 

5,53 

5,02 

233 Pa 

27 cyT. 

0 

0 

0 

9,39 

8,53 

7,46 

6,96 

6,39 

5,79 

5,32 

232 Pa 

1,31 cyrox 

0 

0 

0 

12,28 

8,00 





4,99 

23, Pa 

3,43 x 10*jier 
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0 

20,40 





94,23 
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21,6 rofl 
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0 

0 
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0 
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6,79 


2J2 U 

8 xlO 13 JieT, 74 r 

0 

0 









2 ! ° Th 

8 x 10 4 JieT 

0 

0 

0 

0 







“Ra 

1617 r 

0 

0 

0 

0 







2IO Po 

138,4 cyroK 

0 

0 

0 

0 

0 

0 

0 

0 

6,99 

7,51 

209 Po 

103 r 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4,74 

208 Po 

2,93 r 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4,61 


Ta 6 nHD,a 2 . Pe3yjiLTaTM TpaHCMyrauHH XHMHHecKHX ajieMCHTOB h npeBpameHHa h30toiiob b npouecce MHKpoSHOJioraqecKOH o6pa6oTKH 
ypaHOBOH pyuu CeBepHO- 3 anaxmoa A(J>phkh. 


















3jieMeHTbi 

ripoztojDKeHHe xaSjiHUbi 2 

KoJIHHeCTBO Mr 3JieM€HTOB B 1 JIHTpC paCTROpa Ha 100 r pyilbl, 

Mr 3jieivieHTa/100 r pyjbi 1 n pacTBOpa. 

(Pyaa CeBepo-3anaflHofi A<t>pHKH, iwaccoBait ao/m ypaHa = 2,8icr/T) 

Day i 

10 

11 
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14 
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17 

18 

19 

20 

23, u 
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0 
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0 

0 

0 

0 

0 

2I4 Th 

6,22 

4,05 

1,99 

1,09 

0,49 

0 

0 

0 

0 

0 

0 
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4,54 
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3.44 
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0 

0 

0 

0 

0 
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0 

0 

0 

0 
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0,38 

0,09 
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0,83 

0 

0 

0 
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1.62 
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0,08 

0,05 

0 

0 

0 
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0,29 

0,25 

0,19 
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0,13 

0,11 

0,047 

0,028 

0 

0 

2l °Po 
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Scheme 1. Obtaining of various valuable isotopes of Uranium, Protactinium, 
Thorium, Actinium, Radium, Polonium from Uranium-238 ( 238 U) with microbiological 
method: 

flojiyHeHne MUKpoGnonomHecKUM cnoco6oM M3 ypaHa-238 ( 238 U) pa3JiMHHbix ueHHbix M30TonoB ypaHa, 
npoTaKTMHMH, Topua, aKTMH \A9\, paflHfl, nonoHMa: 


238 U(-a)—^^ThC-p)—>' 234 Pa(-n)—^ 233 Pa(-p)—» 233 U(-2n)-^ 23l U(+p)—» 231 Pa(-a)—► 227 Ac(-P)—>• 
-> 227 Th(-n)-^ 226 Th(-a)-^ 222 Ra(-a)^ 218 Rii(-a)^ 214 Po(-a)-> 210 Pb(-p)^ 230 Bi(-P)-^ 210 Po 
2l0 Po(-n)—» 209 Po 
210 Po(-2n) ^ 20S Po 

Scheme 2. Obtaining of Uraniu-233 ( 233 U) from Uranium-238 ( 238 U) by various ways with 
microbiological method: 

CxeMa 2. rionyHeHne ypaHa-233 ( 233 U) MUKpoGnonornnecKUM cnoco6oM M3 ypaHa-238 ( 238 U) pa3JiMHHbiMn 
nyT^MM. 

2-1. 238 U(-a)—<• 234 Th (-p)-> 234 Pa(-n)—> 233 Pa(-|3)— 233 U 
2-2. 238 U(-a)—» 234 Th(-P)^ 234 Pa(-p)-> 234 U(-n)-> 233 U 

Scheme 3. Obtaining of Protoactinium-231 ( 231 Pa) from Uranium-238 ( 238 U) by various ways 
with microbiological method: 

CxeMa 3. nojiyneHMe npoTaKTHHMH-231 ( 231 Pa) MMKpo6noriorMHecKMM cnoco6oM M3 ypaHa-238 ( 238 U) 
pa3JlMHHblMM nyJ9\M\A. 


3-1. 23 *U (-a) -> 234 Th f-p)—+ 234 Pa(-n)—> 233 Pa(-p) -^ 233 U(-2n)-» 231 U(+p) -^ 231 Pa 
3-2. 238 U (-a) ^ 234 Th (-p)-7 234 Pa(-2n)— 232 Pa(-p) -^ 232 U(-n)-> 231 U(+p) -» 23! Pa. 




Scheme 4. Obtaining of Thorium-230 ( 230 Th) from Uranium-238 ( 238 U) by various ways with 
microbiological method: 

nojiyneHne topmh-230 ( 230 Th) MMKpo6MonorMHecKMM cnoco6oM M3 ypaHa-238 ( 238 U): 

4-1. 238 U(-a)-^ 234 Th(-p)—*■ 234 Pa(-p)—> 234 U(-a)—>■ 230 Th 

Then, the process either stops (and 230 Th separating), if Thorium-230 is the final target of the 
process. Or the process continues in order to obtain valuable and rare radioactive isotopes of 
Radium ( 226 Ra), Radon, Astatine, Polonium, Bismuth, and Plumbum: 

flaaee, npopecc mum ocTaHaB/iMBaeica (m BbiflenaeTca 230 Th), ecnn topmm-230 aBnaeica KOHenHOM penbio 
npopecca. 1/lnn npopecc npoAonxoeTca ao nojiyneHna peHHbix m peAKnx 
paAnoaKTMBHbix M30TonoB paAMH ( 226 Ra), paflOHa, acTaia, nonoHna, BMCMyTa, CBMHpa: 

4- 2. 230 Th(-a)—»- 226 Ra(-a)—» 222 Rn(-a)-^ 218 Po(-P)—>- 218 At(-p)—>- 218 Rn(-a)^ 214 Po(-a)—> 210 Pb(-p)^ 

—+ 210 Bi(-p)-+ 210 Po 

210 Po(-n)—>’ 209 Po 
2l0 Po(-2n)—*- 208 Po 

Scheme 5. Obtaining of Actinium-227 ( 227 Th) from Uranium-238 ( 238 U) by various 
ways with microbiological method: 

CxeMa 5. rionyHeHne aKTMHMfl-227 ( 227 Ac) MUKpoGnonomHecKUM cnoco6oM M3 ypaHa-238 ( 238 U) pa3nMHHbiMM 
nyT^MM. 

5- 1. 238 U(-a)—» 234 Th(-p)--> 234 Pa(-n)—» 233 Pa(-P)—> 233 U(-2n)—► 23l U(+P)-+ 231 Pa(-a)— * 227 Ac 

5-2. 238 U(-a)-^ 234 Th(-P)— •■ 234 Pa(-2n)— ► 232 Pa(-P)^ 232 U(-n)—> 23l U(+P)— > 23l Pa(-a)— ► 227 Ac 

Scheme 6-1. Obtaining of Radium-226 ( 226 Ra) from Uranium-238 ( 238 U) with microbiological 
method: 

CxeMa 6-1. nonyneHMe paflna-226 ( 226 Ra) MMKpo6nonorMHecKMM cnoco6oM m 3 ypaHa-238: 

238 U(-a)— ► 234 Th(-p)^ 234 Pa(-p)-> 234 U(-a)— > 230 Th(-a — 226 Ra 

Scheme 7. Obtaining of the most valuable and stable isotopes of Polonium ( 210 Po, 209 Po, 
208 Po) with microbiological method from Uranium-238 ( 238 U). 

CxeMa 7. nojiyneHMe Han6onee peHHbix m cia6nnbHbix M30TonoB nonoHMH ( 210 Po, 209 Po, 

208 Po) MHKpo6nonornHecKMM cnoco6oM M3 ypaHa-238 ( 238 U). 

7-1. 238 U(-a)—» 234 Th(-p)—> 234 Pa(-n)—+ 233 Pa(-P)—» 233 U(-2n)-^ 231 U(+P)-^ 231 Pa(-a)-> 
-> 227 Ac(-P)-> 227 Th(-n)^ 226 Th(-a)-^ 222 Ra(-a)-> 2l8 Rn(-a)-v 214 Po(-a)^ 210 Pb(-p)-> 

-* 21 c 'Bi(-P)—> 21 °Po 
210 Po(-n)—>■ 209 Po 
210 Po(-2n)—► 208 Po 

7-2 . 238 U(-a)—> 234 Th(-P)—> 234 Pa(-2n)^ 232 Pa(-P)—♦ 232 U(-n)—» 23I U(+P)—» 23l Pa(-a)~> 227 Ac—» 



T , .. - 21 O n 209 n 208 n 

Then the wa .qanee nyTb npeBpameHnn aneMeHTOB n n30TonoB ,qo Po, Po, Po 

n,qeHTi/NeH cxeMe 

7-1. 

7-3. 238 U(-a)—►^TK-p)—» 234 Pa(-p)—» 234 U(-n)—> 233 U(-a)—> 229 Th(-a)—» 225 Ra(-p)—► 

— » 225 Ac(-n)—♦ 224 Ac(+P)^ 224 Ra(-a)—» 220 Rn(-a)—» 216 Po(-a)—^ 2l2 Pb(-p)—*- 212 Bi(-n)— * 2M Bi(-P)—» 
15 —* 2l, Po(-n)—* 2l0 Po 

21, Po(-2n)^ 209 Po 

Example 3. 

Cnoco6 npoBefleHna npopecca TaxoM >Ke, KaK n b npuMepe 1 . flrm TpaHCMyTapMM 

20 

xnMnnecKnx aneMeHTOB m nonyneHMH HOBbix aneMeHTOB m H30TonoB b xanecTBe cbipbn Ann 
MHKpo6nonornMecKoi?i o6pa6oTXM ncnonb30Bann ypaHOByio py,qy 1/lop.qaHHn, coAepwaiAyio 
aneMeHTbi ypaH, TopMi/i, cpoccpop, Mbii±ibnx, >xene30, BaHaflHH xax b oxMcneHHOi/i cpopMe 
(cpoccpaTbi, apceHaTbi, BaHa,qaTbi), Tax m b BoccTaHOBneHHOi/i cpopMe. lloaTOMy ,qnn co3,qaHnn 
BbicoKoro OKHcnmenbHO-BoccTaHOBMTenbHoro noTeHpnana cbipbe o6pa6aTbiBanocb 

pc 

MHKpoopraHH3MaMH Thiobacillus halophilus LUTaMM DSM-6132 b boahom pacTBope 
aneMeHTOB c nepeMeHHOi/i BaneHTHOCTbio, o6naflaKDmnx oxMcnMTenbHO-BoccTaHOBMTenbHoi/i 

cnoco6HOCTbio: Rb +1 , Sr +2 , S°/S' 2 , Re +4 /Re +7 , As +3 /As +5 , Mn +4 /Mn +7 , Fe +2 /Fe +3 , N' 3 /N +5 , P +5 , 

“2 +6 

S /S b mx o6meM Macce 0,01% ot Maccbi cpeflbi. OxMcnMTenbHO-BoccTaHOBMTenbHbiM 

30 noTeHpMan (Eh) b pacTBope npopecca TpaHCMyTapMM b norapMcpMMHecxoi/i CTaflMM paBeH 753 
mb. TeMnepaTypa npoBefleHMn npopecca 28-32 rpaflyca no l^enbCMio, pH cpeflbi 2,0-2,5. 
BpeMn npoBefleHMn npopecca flBaflpaTb cyTOK. Pe3ynbTaTbi npoBefleHHbix m CTaTMCTMHeoKM 
o6pa6oTaHHbix axcnepnMeHTOB b 3aBMCMM0CTM ot BpeMeHM npoBefleHMn npopecca npMBefleHbi b 
Ta6nnL;e 3. CnexTporpaMMbi aHanM30B TpaHCMyTapm/i xnMMHecxnx aneMeHTOB npn 

35 MMKpo6MOnorMHeCKOM o6pa60TKe ypaHOBOM pyflbl 1/lopflaHMM B 3aBMCMM0CTM OT BpeMeHM 
npoBefleHMn npopecca, nepe3 24 Haca (1 cyTKM), Hepe3 120 nacoB (nnTb cyTox), nepe3 
192 Haca (8 cyTox), npMBefleHbi Ha cpMrypax 12, 13, 14 cooTBeTCTBeHHO. 


CTp.: 20 



RU 2 563 511 C2 


3jieMeHTbi 

IlepHOfl, nony- 
pacnaaa 

T,/2 

Coflep*aHHe 
3JieMeHTOB 
b 100 rpyflbi, 
mt 

KojiHseoBO Mr djicmchtob b 1 jiHTpe pacTBopa Ha 100 r pyAbi, 

Mr 3JieMeHTa/100 r pyubi b 1 ji pacrsopa. 

(Pyaa MopjaHHH, rviaccoeafl ao.ih Z3 *U=387,5r/T) 
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7 
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M8 U 
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10,75 
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0 

0 
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24,1 cyxox 

0 

0 
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0 

0 

0 

_ 

0 

“Pa 

6,66 ^ac 

0 

0 

4,48 

1,16 

0 

0 

0 

0 

0 

0 

a3 Pa 

27 cyT. 

0 

0 

0 

2,00 

2,25 

2,32 

0 

0 

0 

0 

“Pa 

1,31 cyTOK 

0 

0 

0 

3,41 

4,14 

1,25 

0 

0 

0 

0 

23 'Pa 

3,43 x 10 4 jieT 

0 

0 

0 

0 

6,37 

12,64 

17,74 

11,87 

6,06 

5,49 

“u 

2xlO l6 jieT 

0 

0 

0 

5,71 

6,28 

4,16 

3,97 

3,86 

2,87 

1,32 

ai u 

l.62x 10 s jieT 

0 

0 

0 

4,77 

4,95 

3,83 

0 

0 

0 

0 

“u 

8xl0 13 neT, 74r 

0 

0 

0 

0 

2,84 

3,03 

0 

0 

0 

0 

227 Ac 

21,6 roa 

0 

0 

0 

0 

0 

9,80 

10,32 

13,37 

19,74 

21,58 

230 Th 

8 x 10 4 JieT 

0 

0 

0 

0 

1,09 

0 

0 

0 

0 

0 

226 Ra 

1617 r 

0 

0 

0 

0 

0 

0,37 

0,42 

0,51 

0,59 

0,67 

2,0 Po 

138,4 cyTOK 

0 

0 

0 

0 

0 

0 

0,72 

2,49 

3,01 

6,74 

“Po 

103 r 

0 

0 

0 

0 

0 

0 

0,49 

1,59 

1,92 

4,23 

2°8p 0 

2,93 r 

0 

0 

0 

0 

0 

0 

0,27 

0,39 

0,56 

1,7 


2Q Ta6jmu,a 3. Pe3yjitTaTbi TpaHCMyTan,HH xhmhhcckhx 3jicmchtob h npeBpamemui H30TonoB b npouecce mhkpo6hojioi-hhcckoh o6pa6oTKn 
ypaHOBoif py^ti HopaaHHH. 

231 

CxeMa 3. nojiyneHne npoTaKTHHi/m-231 ( Pa) MW<po6i/ionon/NecKHM cnoco6oM 
238 

H3 ypaHa-238 ( U) pa3JH/NHbiMH nyTHMH. 

25 3-1 . 238 U (-a) -» 234 Th (*P)— > 234 Pa(-n)—> 233 Pa(-p) -^ 233 U(-2n)^ 231 U(+P) -* 23, Pa 

3-2 . 238 U (-a) -» 234 Th (-p)-» 234 Pa(-2n)-> 232 Pa(-p) -> 232 U(-n)-+ 231 U(+p) -> 23l Pa 

230 

CxeMa 4. nojiyneHne Topi/m-230 ( Th) MHKpo6i/ionon/NecKHM cnoco6oM H3 
ypaHa-238 (^®U). 

30 4.1 . 238 U(-a)—♦ 234 Th(-p)-+ 234 Pa(-p)-> 234 U(-a)-» 230 Th 

230 

flanee, npopecc nan ocTaHaBni/maeTca (m BbiflermeTca Th), ecni/i Topnti-230 BBrmeTCB 
KOHeaHOH penbto npopecca. l/lnn npopecc npoflomcaeTca flo nonyHeHi/m peHHbix 1/1 peflKMX 

paflHoaKTMBHbix H30TonoB paflMB ( Ra), paflOHa, aciaia, nonoHMH, BMCMyia, CBi/iHpa: 
35 4-2. 230 Th(-a)—> 226 Ra(-a)—^ 222 Rn(-a)^ 218 Po(-P)—» 2 l 8 At(-P)—» 2 l 8 Rn(-a)—» 214 Po(-a )—> 2 l 0 Pb(-P)—► 

—> 21 °Bi(-P)—» 210 Po 
210 Po(-n)—> 209 Po 
210 Po(-2n)^ 208 Po 

227 

4i ' CxeMa 5. rionyHeHMe aKTMHMfl-227 ( Ac) MMKpo6nonornHecKMM cnoco6oM M3 ypaHa- 
238 

238 ( U) pa3J3MHHblMH nyTHMH. 

5-1. 238 U(-a)—>’ 234 Th(-P)—> 234 Pa(-n)~> 233 Pa(-p)^ 233 U(-2n)—>- 231 U(+P)^ 231 Pa(-a)— > 227 Ac 
45 5-2. 238 U(-a)—» 234 Th(-p)—>’ 234 Pa(-2n)—» 232 Pa(-P)-^ 232 U(-n)^ 231 U(+p)—>• 231 Pa(-a)-> 227 Ac 

226 

CxeMa 6-1. llonyHeHHe pa.qi/m-226 ( °Ra) MHKpo6nonornHecKHM cnoco6oM H3 
ypaHa-238: 

238 U(-a)—* 234 Th(-P)-> 234 Pa(-p)—► 234 U(-a)-» 230 Th(-a -*■ 226 Ra 
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210 209 

CxeMa 7. llonyHeHne Han6onee peHHbix h CTa6nnbHbix n30TonoB nonoHHn ( Po, Po, 

208 238 

Po) MMKpo6nonornHecKMM cnoco6oM H3 ypaHa-238 ( U). 

7-1. 238 U(-a)^ 234 Th(-P)--+ 234 Pa(-n)—>- 233 Pa(-P)—*- 233 U(-2n)—> 231 U(+p)—> 23 'Pa(-a)—*• 

5 —> 227 Ac(-P)—> 227 Th(-n)^ 226 Th(-a)—>^ 222 Ra(-a)—> 218 Rn(-a)—» 214 Po(-a)—>- 21 °Pb(-p)—► 

—♦ 210 Bi(-p)-~» 2l0 Po 
2,0 Po(-n)- 209 Po 
10 2l0 Po(-2n)-» 208 Po 

7-2. 238 U(-a)-^ 234 Th(-P)—> 234 Pa(-2n)—> 232 Pa(-P)^ 232 U(-n)—> 23I U(+P)—► 231 Pa(-a)—> 227 Ac^ 

aajiee nyrb npeBpamenmi 3jieMeHTOB h h3otoiiob ao 2I0 Po, 209 Po, 208 Po H/teuxHHeH cxeMe 7-1. 

7-3. 238 U(-a)—» 234 Th(-p)—> 234 Pa(-P)—*- 234 U(-n)—> 233 U (-a)—> 229 Th(-a)—> 225 Ra(-p )—► 

—*- 225 Ac(-n)^ 224 Ac(+P)^ 224 Ra(-a)—> 220 Rn(-a)-^ 216 Po(-a)—> 212 Pb(-P)—> 2l2 Bi(-n)—> 2ll Bi(-P)—> 

- 2I1 Po(-n)- 210 Po 

2n Po(-2n)-^ 209 Po 

20 l1pnMep4. 

Cnoco6 npoBe,qeHna npopecca Taxon >xe, xax h b npuMepe 1. flrm TpaHCMyTapnn 
XHMHHecKnx aneMeHTOB n nonyneHUB HOBbix aneMeHTOB n h30toiiob b xanecTBe cbipbn abb 
MHKpo6nonornHecKoi?i o6pa6oTXH ncnonb30Bann MOHapHTOBbii/i Topni/i coflepwamnw necox 
no6epe>xbn 1/lHAHi/icxoro oxeaHa, coflepwamnw aneMeHTbi Topni/i, cpoccpop, MbiLUbnx, xpeMHHi/i, 
25 ariKDMHHHM, a Tax>xe pepnw n flpyrne naHTaHOHflbi b ochobhom b BoccTaHOBneHHOH cpopMe. 
rioaTOMy abb co3flaHHB Bbicoxoro oxHcnuTenbHO-BoccTaHOBmenbHoro noTeHpnana cbipbe 
o6pa6aTbiBanocb MHxpoopraHH3MaMH Thiobacillus ferrooxidans unaMM DSM-14882 b boahom 
pacTBope aneMeHTOB c nepeMeHHOi/i BaneHTHOCTbK), HaxoAniAnxcn b pacTBope b oxncneHHOH 

cpopMe: N + , P + , As + , S + , Fe + ^, Mn + ^, b hx o6LAen Macce 0,01% ot Maccbi cpeAbi. 

on 

OxHcnHTenbHO-BoccTaHOBHTenbHbm noTeHAHan (Eh) b pacTBope npoAecca TpaHCMyTaAHH b 
norapncpMHHecxoi?i CTaAHH paBeH 717 mB. TeMnepaiypa npoBeAeHHn npopecca 28-32 
rpaAyca no L^enbCHKi, pH cpeAbi 1,0-1,5. BpeMn npoBeAeHHH npopecca AecnTb cyTox. 
Pe3ynbTaTbi npoBeAeHHbix h CTaTHCTHHecxn o6pa6oTaHHbix axcnepHMeHTOB b 3aBH0HM0CTH 
ot BpeMeHH npoBeASHi/in npopecca npHBeAeHbi b Ta6nHpe 4. CnexTporpaMMbi aHann30B 

o/r 

TpaHCMyTauuM xnMnnecxnx aneMeHTOB npH MHxpo6nonornHecxoH o6pa6oTxe Topnn 
coAep>xaLAero necxa no6epe>xbn I/Ihahhcxoto oxeaHa b 3aBH0HM0CTH ot BpeMeHH 
npoBeAeHHH npopecca, nepe3 24 naca (1 cyTXH), nepe3 120 nacoB (n«Tb cyTox), nepe3 
240 nacoB (AecnTb cyTox) npHBeAeHbi Ha cpnrypax 15, 16, 17 cooTBeTCTBeHHO. 
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3jieMeHTbi 

CoflepscaHHe 
aneMeHTOB 
b 100 rpyflbi, Mr 

KoJinnecTBo Mr aneMeHTOB b 1 JiHTpe pacTBOpa ua 100 r py/ibi, 

Mr 3jieMeHTa/I00 r pyjLi b 1 ji pacTBopa. 

(MOHapHTOBbifl necoK nooepejKKH HhahKckoto OKeaHa, Maccoean aojih TopHfl 232 TIi = 440r/T) 

CyTKM 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

“n, 

44 

44 

42,4 

33,92 

20,88 

17,08 

8,80 

6,08 

1,92 

1,44 

0 

^Ra 

0 

0 

1,57 

3,18 

4,37 

6,00 

4,00 

2,93 

2,03 

1,56 

0 

m Ac 

0 

0 

0 

6,71 

18,33 

16,62 

25,60 

28,03 

28,57 

28,78 

29,31 

J, “Po 

0 

0 

0 

0 

0 

3,33 

3,30 

2,53 

2,33 

2,19 

2,15 

209 Po 

0 

0 

0 

0 

0 

0 

0,27 

0,83 

3,57 

4,01 

4,41 

20*p o 

0 

0 


0 

0 

0 

0 

1,22 

2,65 

2,92 

1,61 


0 






0 

0,53 

0,32 

0,26 

0,10 


0 





0 

0 

0,27 

0,44 

0,75 


TaSjiHua 4. Pe3yjn>TaTbi TpaHCMyTaquH xhmhhcckhx 3jieMCHT0B h npeBpameHHfl h30toiiob b npouecce MHKpoSflonorHHecKOH o6pa6oTKH 
MOHaitHTOBoro TopHH-co^epacamero necxa no6epeactJi PlH^HHCKoro oiceaHa. 

228 

CxeMa 6-2. nonyHem/ie pafli/m-228 ( Ra) Mm<po6i/ionori/NecKHM cnoco6oM H3 npi/ipoflHoro 
15 Topnn-232: “ThW-^R. 

CxeMa 8. nonyHem/ie pa3ni/iHHbix n30TonoB TopMH, a kt i/ih i/i sa, pa .qua, 

232 

nonoHMfl MHKpo6nonornHecKMM cnoco6oM M3 npi/ipoflHoro Topi/iB-232 ( Th): 

20 232 Th(-a)—+ 228 Ra(-P)^ 228 Ac(-n)--* 227 Ac(-p)^ 227 Th(-n)^ 226 Th(-a)—> 222 Ra(-a)—» 218 Rn(-a)—» 

—*- 214 Po(-a)—>■ 210 Pb (-p)-> 210 Bi (-p)-> 2l0 Po 
2,0 Po(-n)—> 209 Po 

2l0 Po(-2n) —♦ 208 Po 

llpUMep 5. 

25 

Cnoco6 npoBefleHHfl npopecca Taxo m >xe, xax n b npuMepe 1. flna TpaHCMyTapnn 
xnMnnecKnx aneMeHTOB h nonyneHHB HOBbix aneMeHTOB m n30TonoB b xanecTBe cbipbn flrm 
MHKpo6nonornHecKoi?i o6pa6oTxn ncnonb30Bann nonoHni/i-209, nonyHeHHbii/i b HaweM 
npopecce H3 axTW-mflOB, npeBpaiflaioLflw/icn (pacnaflatoiflui/ica) flanee b n30Tonbi piyTM, 
3onoTa 1/1 nnaTHHbi (cxeMa 10). Cbipbe o6pa6aTbiBanocb Mi/ixpoopraHi/i3MaMH Thiobacillus 
30 

aquaesulis LUTaMM DSM-4255 b boahom pacTBope aneMemoB c nepeMem-ioi/i BaneHTHOCTbio, 

o6naflaKDmnx OKHcnmenbHO-BoccTaHOBUTenbHOM cnoco6HOCTbio: Rb + \ Sr + ^, S^/S 

Re +4 /Re +7 , As +3 /As +5 , Mn +4 /Mn +7 , Fe +2 /Fe +3 N' 3 /N +5 , P +5 , S' 2 /S +6 b mx o6meM Macce 0,01% 
ot Maccbi cpeflbi. OKHcnHTenbHO-BoccTaHOBmenbHbM ncrrei-mnan (Eh) b pacTBope npopecca 

O/T 

TpaHCMyTaqHH b norapi/icpMi/mecxoi/i CTafli/m paBeH 698 mb. TeMnepaTypa npoBeflem/m npopecca 
28-32 rpa,qyca no Llenbcmo, pH cpeflbi 2,0-2,5. BpeMa npoBeflem/m npoflecca flBaflflaTb cyTOK. 

Ha ocHOBaHMM nofiyneHHbix aKcnepi/iMemajibi-ibix n CTaTUCTi/Necxi/i 
o6pa6oTaHHbix flaHHbix aBTopaMi/i BbiBefleHa cneflytoiflap cxeMa: 

CxeMa 10. nonyHem/ie CTa6i/mbHbix i/i30TonoB pTyrn i/i 3onoTa (^^Au) 

40 MHKpo6noriornHecKHM cnoco6oM c HHHUUMpoBaHHeM n ycxopem/ieM peaxm/m H3 

209 

norioHMfi-209 ( s Po): 

209 Po( ^-p)—» 208l Bi(-a)—» 20 s T 1 (6aKT. aaxBar -a)-^ 20) Au(-p, T, /2 =26MHH.)^ 20l Hg(-n)^ 20o Hg 
45 20, Hg(-2n)—► '"Hg 

20, Hg(-a)— ,97 Pt (-p, T\n = 17,4 nacoB h 88 mhh>t)—> I47 Au, eflHHCTBeHHbm CTaSH.ihHbiH H30T0n 
30JT0Ta H3 H3Bec rHblX. 


CTp.: 23 




RU 2 563 511 C2 


llpuMep 6. 

Cnoco6 npoBefleHHa npopecca Taxoi/i >Ke, KaK n b npuMepe 1. flrm TpaHCMyTapnn 
XHMHHecKnx aneMeHTOB m nonyHeHHfl HOBbix aneMeHTOB n n30TonoB b xanecTBe cbipbn ,qnn 
MHKpo6nonornHecKoi?i o6pa6oTKH ncnonb30Bann nonoHMi/i-208, nonyneHHbiM b HameM 
5 npopecce m aKTMHi/iflOB, npeBpamaioLfli/mcfl (pacnaflaioLfli/iMCfl) flanee b H30Tonbi pTyTH, 3onoTa m 
nnaTMHbi (cxeMa 11). Cbipbe o6pa6aTbiBanocb MMKpoopraHH3MaMM Thiobacillus ferrooxidans 
LUTaMM DSM-14882 b boahom pacTBope aneMeHTOB c nepeMeHHOM BaneHTHOCTbio, o6na,qaioLflMX 

OKi/icni/iTenbHO-BoccTaHOBMTenbHOH cnocobHOCTbio: Rb + \ Sr +2 , S^/S 2 , 

10 Re +4 /Re +7 , As +3 /As +5 , Mn +4 /Mn +7 , Fe +2 /Fe +3 , N' 3 /N +5 , P +5 , S' 2 /S +6 b mx o6meM Macce 0,01% 
ot Maccbi cpeflbi. B pacTBope npopecca TpaHCMyTapnn b norapMcpMMHecKOM CTaflMM Eh=753 
mb. ripHMeHnnn MHKpoopraHH3Mbi TeMnepaTypa npoBefleHMn npopecca 28-32 rpaflyca no 
l4enbcmo, pH cpeflbi 1,0-1,5. BpeMn npoBefleHMn npopecca flBaflflaTb cyTOK. Fla ocHOBaHnn 
nonyneHHbix aKcnepuMeHTanbHbix m CTaTMCTMHecKH o6pa6oTaHHbix flaHHbix aBTopaMU 
15 BbmefleHa cneflytoiflap cxeivia: 

195 

CxeMa 11. rionyHeHne CTa6nnbHbix n30TonoB pTyTM, Tannun, nnaTMHbi ( Pt) m 3onoTa 

197 

( Au) MMKpo6nonorMHecKMM cnoco6oM c MHupnnpoBaHneM m ycKopeHneM 
peaxpuM M3 nonoHMfl-208: 

20 208 Po(+p)-> 208 Bi(-a)^ 204 Tl(+p, -(3. T]/2=3,56 /ieT)—>6aKTepHajibHOe HHtiuHHpoBaHHe h 

ycKopeHHe: 

11 .] , 204 Tl(+p)—> 204 Hg(-n)—» 203 Hg(-P)—>- 203 Tl(+P)—» 203 Hg(-P)—» 203 T1 (-ii)—> 202 Tl(+(3)^ 

—> 202 Hg(-n)—>■ 201 Hg 
202 Hg(-2n)—»• 200 Hg. 

| qo 

Hg(-a)—► Pt (cTa6Hjn.HMH htotoit njiaranw). 

11-2. 204 Tl(+p)—» 204 Hg(-n)—> 203 Hg(-P)—> 203 Tl(-a)—» 599 Au(-P, T ]/2 =3,14 cyTOK)—+ 
so —>- 199 Hg(-n)—► 198 Hg 

199 Hg(-2n)^ l97 Hg(+p, T 1/2 = 65 nacoB h 24 qaca)—*► 197 Au (eflHHCTBeHHbifl CTa6njibMUH H30Ton 

30J10Ta H3 K3BeCTHbIX). 

l99 Hg(-a)—* 195 Pt (cTaSiijibHHH H30Ton nJiaTHHbi). 

11-3. 204 Tl(-p)^ 204 Pb(-n)-> 203 Pb(+p)^ 203 Tl(-2n)^ 20l Tl(+p,T 1 /2=72H, 5Mc)-> 201 Hg(-n)^ 200 Hg 
201 Hg(-2n)—► 199 Hg 

20, HgU)-^ 197 Pt (-p, T,/2 = 17,4 nacoB h 88 MHHyr)—» l97 Au (eflHHCTBeHHMH craSmibHbiH H30T0n 
4 Q 30J10Ta H3 H3BeCTHbIX). 

ripMMep 7. 

Cnoco6 npoBefleHMn npoflecca TaxoM >xe, KaK m b npMMepe 1. flnn TpaHCMyTapMM 
XMMMHecKMX aneMeHTOB m nonyneHMn HOBbix aneMeHTOB m M30TonoB b KanecTBe cbipbn flnn 
MMKpo6MonorMHecKOM o6pa6oTKM Mcnonb30BanM o6pa3flbi nnyTOHMn c flenbio npeBpaifleHMn 

45 nnyTOHnn-239 b ypaH-235, npoTaKTMHMM-231 m aKTMHMM-227 (cxeMa 12).Cbipbe o6pa6aTbiBanocb 
MMKpoopraHM3MaMM Thiobacillus thioparus LUTaMM DSM-505 b boahom pacTBope aneMeHTOB c 
nepeMeHHOM BaneHTHOCTbio, o6naflaioiflMX OKMcnMTenbHO-BoccTaHOBMTenbHOM cnoco6HOCTbio: 

Rb +1 , Sr +2 , S°/S' 2 , Re +4 /Re +7 , As +3 /As +5 , Mn +4 /Mn +7 , 
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Fe + *7Fe + 3, N ^/N + ^, P + ^, S ^/S + ® b nx o6Lflei/i Macce 0,01% ot Maccbi cpeflbi. OKncanTeabHO- 
BoccTaHOBMTenbHbiM noTeHflnaa (Eh) b pacTBope npoflecca TpaHCMyTa 141/11/1 b norapHcpMHHecKon 
CTaflMM npoflecca TpaHCMyTapm/i Eh=759 mb. TeMnepaTypa npoBefleHna npoflecca 28-32 rpaflyca 
no L(enbcmo, pH cpeflbi 2,0-2,5. BpeMn npoBefleHna npoflecca flBaflflaTb cyTOK. Ha 

ocHOBaHnn nonyneHHbix SKcnepmvieHTajibHbix n ciaincTHHecKH o6pa6oiaHHbix 
flaHHbix aBTopaMM BbiBefleHa cneflytoLflaa cxeivia: 

Cxeivia 12. nojiyneHne ypaHa-235, Topna-231, npoTaKTHHna-231 t/i aKTHHna-227 
MHKpo6nonornHecKHM cnoco6oM c ycKopeHneM peaxflnn pacnafla H3 nayTOHna-239 (MoweT, 
ncnonb30BaTbcn opywenHbin nayTOHnn, v\nv\ nayTOHnn - no6oHHbin npoflyKT aflepHoro 

10 cropam/m TB3J10B A3C, noflnewaLflnn yrnriH3aflHH): 

239 Pu(-a)—► 235 U(-a)—> 23 l Th(-p)—> 23 , Pa(-a)~> 227 Ac. 

235 231 231 

Mo>kho ocTaHOBMTb npoflecc Ha hio 6 om aTane, c nonyaeHneM °U, nan Th, nan Pa, 
227 

15 nan Ac, nan nx CMecn b pa3anHHbix cooTHOLiieHnax. 1/Ian mo>kho npofloawnTb npopecc 

oov 210 D 209 d 208 n 

npeBpaLueHnn aaeivieHTOB n n30TonoB n3 aKTHHna-227 flo Po, Po, Po, c 
noayneHneM npoMewyTOHHbix aaeivieHTOB, no cxeivie 7-1. 
ripniviep 8. 

Cnoco6 npoBefleHna npoflecca Taxon >xe, xax n b npnMepe 1. flaa TpaHCMyTapnn 

20 xnMnnecKnx aaeMeHTOB n noayneHHn HOBbix aaeMeHTOB n n30TonoB b xanecTBe cbipba flan 
MnKpo6noaornHecKon o6pa6oTKn ncnoab30Baan o6pa3L4bi nayTOHnn c peabio npeBpameHna 

241 

nayTOHna-241 b aMepnflnn-241 n HeniyHnn-237 (cxeMa 13). Pu - no6oHHbin npoflyKT 
aflepHbix peaxpnn npn cropaHnn TB3J10B A3C, noflaewaiflnn yTnanaapnn, B3aT xax 
aflepHbin otxoa n no6oHHbin npoflyKT npoMbiwjieHHoro cropaHna ypaHa. Cbipbe 

OR 

o6pa6aTbiBaaocb MnKpoopraHn3MaMn Thiobacillus tepidarius LUTaMM DSM-3134 b boahom 
pacTBope aaeMeHTOB c nepeMeHHon BaaeHTHOCTbio, o6naflaioLflHX OKncanTeabHO- 

BoccTaHOBnTeabHon cnocoOHOCTbio: Rb + ^, Sr + ^, S^/S Re + ^/Re + ^, As + ^/As + ^, Mn + ^/Mn + ^, 

Fe + ^/Fe + ^, N ^/N + ^, P + ^, S ^/S + ® b nx o6iflen Macce 0,01% ot Maccbi cpeflbi. Eh=736 mb. 

3oTeMnepaTypa npoBefleHna npoflecca 28-32 rpaflyca no Ltenbcnio, pFH cpeflbi 2,0- 

241 237 

2,5. Cxeivia 13. rionyHeHne aMepnflna-241 ( Am) n HenTyHna-237 ( Np) 
MnKpo6noaornHecKnM cnoco6oM M3 nnyTOHna-241 c HHHflnaflHen n ycKopeHneM 
peaKpnn pacnafla: 

35 24 'Pu (-p, T 1/2 = 13 JieT; 6 aKTepnaribHaii hhhuhliuhh h ycKopemie)—► 241 Am(-a, T|, 7=2 x 10 14 neT 

h 485 /ict; 6 aKi«pMajibHax HHHUMauHsi h ycKopeHHc)—»* 17 Np (-a, T 17 = 2,2 x 10 5 ;ict). 

Ilpoflecc mo>kho ocTaHOBnTb nan 3aMeflanTb Ha aTane noayneHna aMepnflna-241 c 
ot6opom nocaeflHero. ripnMep 9. 

40 B flaHHOM npnMepe noxa3aHa nHTeHcncpnKaflna npoflecca TpaHCMyTaflnn xnMnaecxnx 
aaeMeHTOB npn ee 3aMeflaeHnn npn anMnTnpyioLflnx cpaKTopax. Cnoco6 npoBefleHna 
npoflecca n cbipbe Taxne >xe, xax n b npnMepe 2. KoHTpoabHbin BapnaHT: B KaaecTBe cbipba 
Taioxe ncnoab30Baaacb ypaHOBaa pyqa CeBepo-3anaflHon Acppnxn, ho OTanane ot npnMepa 
2 cocToaao b 6oabiiieM coflepwaHnn pyflbi b pacTBope: cooTHomeHne TBepflon cpa3bi (pyflbi) 
45 

KWHflKon cpa3e cocTaBaano 1:3 (100 rpaMM pyflbi b 300 Ma BOflHoro pacTBopa). Cbipbe 
o6pa6aTbiBaaocb MnKpoopraHn3MaMn Thiobacillus aquaesulis LUTaMM DSM-4255 b boahom 
pacTBope aaeMeHTOB c nepeMeHHon BaaeHTHOCTbio, Haxoflaiflnxca b pacTBope b OKncaeHHon 

cpopMe: N + ^, P + ^ (b cpopMe cpoccpaTOB), As + ^, S + ^, Fe + ^, Mn + ^, b nx oOiflen Macce 0,01% ot 
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Maccbi cpeflbi, KaK b npuMepe 2. Eh=410 mb. TeMnepaTypa npoBefleHi/in npopecca 30-35 
rpa,qycoB no L(enbcmo, pH cpeflbi 2,0-2,5. BpeMn npoBefleHun npoflecca flBaflflaTb cyTOK. 
3apnfl 6 aKTepw/i 6nn30K k HyneBOMy 3HaHeHmo. SneKTpocjDopeTHHecKan noflBH>KHOCTb (3011) 

-1 2 -1 

MHKpo 6 Hbix KneTOK paBHa 0,01 V x cm x ceK . l/l3HaHanbHoe coflepwaHi/ie ypaHa-238 b 

5 cpefle 6 bino 280 r In. Ha nriTbie cyTKH npoflecca coflepwaHwe ypaHa-238 ynano flo 200,52 mi 
n, ho npoTaKTHHHH-231, aKTHHHH-227 h H30Tonbi nonoHHn b cpefle He o 6 Hapy>KeHbi, npH 3 tom 
o 6 Hapy>KeHbi H30Tonbi Topni/i-234, npoTaKTHHW/i-234, npoTaKTi/iHW/i-233, ypaH-234 
(nepBHHHbie npoflyKTbi TpaHCMyTaflHH ypaHa-238). Ilpofleccbi TpaHCMyTaflHH ypaHa-238 h 
o6pa30BaHnn HOBbix aneMeHTOB h H30TonoB 6 binn 3aMeflneHbi bo BpeMeHH no cpaBHeHmo 

10 c npHMepoM 2, b kotopom cooTHOLueHHe TBepflOH cj3a3bi (pyflbi) k >KHflKOH cj3a3e cocTaBnnno 
1:10 (100 rpaMM pyflbi b 1000 Mn BOflHoro pacTBopa). 3aMeflneHne npoflecca CBn3aHO c 
noBbiiueHHOH KOHfleHTpaflnei?i hohob MeTannoB b pacTBope npH ManoM KonnnecTBe BOflbi Ha 
pyfly. OnbiTHbm BapHaHT: B Taxon >xe pacTBop, nHMMTHpoBaHHbiH no BOfle, b kotopom 
cooTHOLueHHe TBepflOH c|)a3bi (pyflbi) k >KHflKOH cj3a3e cocTaBnnno 1:3 (100 rpaMM pyflbi b 300 
15 

Mn BOflHoro pacTBopa), flononHHTenbHO BBenH 0,001 r/n nonnaMcj3onma - nonnaxpnnoBoi/i 
KHcnoTbi KanponaKTaM (cooTHOLueHHe axpnnoBoi/i Ki/icnoTbi k xanponaxTaMy 9:1). 

-1 2 

SneKTpocfDopeTHHecKan noflBH>KHOCTb (3011) MHKpo 6 Hbix xneiox paBHa 0,89 V x cm x 
-1 

cex , 3apnfl MHKpoopraHH3MOB cflBHHyncn ot w303nexTpnMecxon tohkm, b OTpHflaTenbHyio 
20 CTopoHy. Eh=792 mb Ha nnTbie cyixn coflep>KaHne b pacTBope ypaHa-238 CTano paBHO 
149,40 Mr/n, nonBnnncb H30Tonbi - npoflyKTbi flanbHeHLuero pacnafla: ypaH-232, ypaH-233, 
npoTaKTHHHi?i-231, aKTHHHi?i-227, paflni?i-226, nonoHHH-210, 209 h 208 - Bee b 6onbiuoM 
KonHHecTBe. npon30Liino ycxopeHne npopecca. Ha ocHOBaHHH axcnepHMeHTanbHbix flaHHbix 
noriyneHa o6ifla?i cxeMa pa3JiMHHbix HanpaB/ieHnn n flenoneK pacnafla ypaHa-238 npn 
25 nonyHeHnn m Hero Mi/ixpo6i/ionornHecxnM cnoco6oM pa3nnHHbix peHHbix i/i30TonoB ypaHa, 
npoiaKTHHHB, Topnn, axTi/iHnn, paflnn, nonoHnn n flpyrnx aneMeHTOB (cfcnrypa 18). 

3Heprnn anexTpoHHoro nepexofla (keV), no xoTopoi/i onpeflennnn xnMnnecxHe aneMeHTbi 
peHTreHO-cjDnyopecfleHTHbiM MeTOflOM (cjDi/irypbi c 1 no 17), npHBefleHbi b Ta 6 nnfle 5. 
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Ta6mma 5. 3Ha*ieHHs 3 HeprHH 3 jicKT poH Horo nepexoaa (keV) 


5 


10 


15 


20 


25 


9 /ieMeHTbi 

keV 


Lai 

La2 

ka3 

La4 

Lpi 

Lp2 

Kal 

K„2 

Kpi 

Am 

14,62 

14,41 



18,86 





Pu 

14,28 

14,09 



18,30 





Np 

13,95 

13,76 



17,75 





U 

13,61 

13,44 





14,40 

11,62 


Pa 

13,29 

13,12 



16,70 

15,99 




Th 

12,97 

12,81 



16,20 





Ac 

12,65 

12,50 



15,71 





Ra 

12,34 

12,20 



15,24 





Fr 

12,03 

11,90 



14,77 





Po 

11,13 

11,016 



13,45 





Hg 

9,99 




1,82 





Au 

9,71 

9,63 



11,44 





Pt 

9,44 

9,36 



11,07 





Hf 

7,90 

7,84 



9,02 





Yb 

7,42 

7,37 



8,40 





Zr 







15,77 

15,69 

17,67 

Y 







14,96 


16,70 

Sr 







14,16 

14,10 

15,83 

Rb 







13,40 

13,34 

14,96 

Br 







11,92 

11,88 

13,29 

As 







10,54 


11,73 

Ga 







9,25 


10,27 

Ni 







7,48 


8,27 

Fe 







6,40 


7,06 


OopMyna M3o6peieHM?t 

1. MnKpo6nonornHecKHi/i cnoco6 TpaHCMyTapnn xnMnnecKHX aneMeHTOB n npeBpameHi/m 30 
n30TonoB xnMnnecKnx aneMeHTOB, xapaKTepn3yioLnni/icn TeM, hto paflHoaKTHBHoe cbipbe, 

coflepwamee pafli/ioaKTi/iBHbie xnMnnecKne aneMeHTbi i/mn hx H30Tonbi, 
o6pa6aTbiBaioT B0flH0i/i cycneH3i/iei/i 6aKTepnH pofla Thiobacillus b npucyidBun 
aneMeHTOB c nepeMeHHOM BaneHTHOCTbio. 

2. Cnoco6 no n.1, OTnHHaioLUHHcn TeM, hto cnoco6 BeflyT c nonyneHi/ieM nonoHHn, paflOHa, 
35 c|3paHi4nn, paflHn, aKTHHHn, Topi/m, npoTaKTHHHn, ypaHa, HenTyHHn, aMepni4nn, HHKenn, 

MapraHpa, 6poMa, racjDHMn, nrrep6i/m, pTyTM, 3onoTa, nnaTHHbi h hx H30TonoB. 

3. Cnoco6 no n.1 i/mn 2, OTnnnaioLMHHcn TeM, hto b KanecTBe paflHoaKTMBHoro 
cbipbn, coflepwamero paflHoaKTHBHbie XHMHHecKHe aneMeHTbi, ncnonb3yioT pyqbi i/mn 
paflHOaKTHBHbie OTXOflbl HflepHblX I4HKHOB. 
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i 
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^Pa^)— ►^ , U(fP)~^" 1 Pa(-a>— > jj; Ac—* cm cxcmv 7-1—> 2,0 Po 


' Po 

n t 

% 

|-2n 

Po 


^Pa(-P>-> JW U(-n)- 33 ' U(-tf )-» 231 Pa(-a)—* 2n Ac 
-2n 

^(■aH^d)- 2 '^ (-(})—* U4 U—*(-n) —* U) U 


'I 

23 °Th(-a>-* 23 *Ra—* JU Rn—* 2l6 Pa—^'Vb—» J1<> Bi—* JI0 Po 
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